Objective: Although the angiotensinogen (AGT) gene has been implicated in the pathogenesis of essential hypertension, the results have been inconsistent. In this study, we performed a meta-analysis to assess the association of A-6G, A-20C and G-217A polymorphisms in the AGT gene with essential hypertension in the Chinese population. Methods: Published literature from PubMed, Embase, China National Knowledge Infrastructure, China Biological Medicine and Wanfang Data was retrieved. Pooled odds ratio (OR) with 95% confidence interval (CI) was calculated using fixed-or random-effects models.
Introduction
Essential hypertension is a major component of the global health burden, since it is associated with stroke and cardiovascular disease. 1 Epidemiological studies have suggested that environmental factors could contribute to the risk of essential hypertension. 2 However, many studies support the fact that essential hypertension is a complex disease resulting from the interactions of genes and environmental factors. 3 Twin studies have shown that genes could explain approximately 50% of blood pressure variation. 4 Therefore, the identification of new susceptibility genes would help further elucidate the underlying molecular mechanisms of essential hypertension.
The renin-angiotensin system (RAS), the sympathetic nervous system, sodium and electrolyte balance and intracellular messengers have all been suggested to play an important role in the regulation of blood pressure and pathogenesis of essential hypertension. Thus, polymorphisms of RAS genes that encode angiotensinogen (AGT), angiotensin-converting enzyme (ACE) and angiotensinogen II type-1 receptor (AGTR1) have been extensively investigated as potential loci for essential hypertension. 5 To date, however, the results have been inconsistent. The discrepancy in findings may be due to many reasons, including differences in subject enrollment, statistical power and genetic and environmental background. Several meta-analyses have indicated that M235T polymorphism in the AGT gene, 6, 7 I/D polymorphism in the ACE gene 6, 7 and A1166C polymorphism in the AGTR1 gene 8 are associated with essential hypertension susceptibility. However, the molecular mechanism of RAS genes in the involvement of essential hypertension could not be explained fully by these polymorphisms. The association of three other common polymorphisms in the AGT gene (i.e. the A-6G, A-20C and G-217 polymorphisms in the promoter region) with essential hypertension risk has also been investigated by many researchers. A meta-analysis indicated that A-20C and G-217 polymorphisms, but not A-6G, were associated with essential hypertension in Caucasians and Asians. 9 However, only related studies published in English were included in that meta-analysis.
Since the results for those three polymorphisms were also conflicting in the Chinese population, we performed a meta-analysis to investigate the association of those three polymorphisms with essential hypertension in the Chinese population.
Materials and methods

Literature and search strategy
We searched literature databases including PubMed, Embase, China National Knowledge Infrastructure (CNKI), China Biological Medicine (CBM) and Wanfang Data. The search strategy in identifying all possible studies involved the use of the following key words: angiotensinogen (or AGT), variant (or polymorphism) hypertension and Chinese (or China). All related studies published in both English and Chinese were included. The reference lists of retrieved articles were handsearched. If more than one article was published using the same case series, only the study with the largest sample size was included. The literature search was updated on 30 July 2011.
Inclusion criteria and data extraction
The studies included in the meta-analysis must meet all the following inclusion criteria: (1) evaluating the association of A-6G, A-20C and G-217A polymorphisms in the AGT gene with essential hypertension; (2) using case control design; (3) providing sufficient data for calculation of odds ratio (OR) with 95% corresponding confidence interval (CI); and (4) the genotype distribution among the control population must be in Hardy-Weinberg equilibrium (HWE). The following information was extracted from each study: (1) name of the lead author; (2) year of publication; (3) region; (4) gender frequency and mean age of subjects in hypertension cases and controls; (5) sample size of cases and controls; (6) genotype distribution in cases and controls; (7) p-value for HWE test in controls; and (8) diagnostic criteria for hypertension cases. The two authors independently assessed the articles for compliance with the inclusion/exclusion criteria, resolved disagreements and reached a consistent decision.
Statistical analysis
The association of A-6G, A-20C and G-217A polymorphisms in the AGT gene with essential hypertension was estimated by calculating pooled OR and 95% CI under codominant, dominant and recessive genetic models, respectively. The significance of pooled OR was determined by Z-test (p <0.05 was considered statistically significant). Q-testing was performed to evaluate whether the variation was due to heterogeneity or chance. A random-(DerSimonian-Laird method 10 ) or fixed-(Mantel-Haenszel method 11 ) effects model was used to calculate pooled OR in the presence (p ≤0.10) or absence (p >0.10) of heterogeneity, respectively. Begg's funnel plot, a scatter plot of effect against a measure of study size, was generated as a visual aid to detect bias or systematic heterogeneity 12 . Publication bias was assessed by Egger's test 13 (p <0.05 was considered statistically significant). Data analysis was performed using STATA version 11 (StataCorp LP; College Station, Texas, USA).
Results
Study characteristics
The literature search identified a total of 424 potentially relevant papers. Of these, 381 were excluded because of obvious irrelevance having read the titles and abstracts. The following were excluded: four reviews, six duplicated publications and one paper that did not provide sufficient data for calculation of OR and 95% CI; five papers that included hypertensive patients with other diseases; two papers that did not provide a definition of hypertension; and one paper that defined hypertension as systolic/diastolic blood pressure ≥130/90 mmHg. Also excluded were five studies on 16, 17, 22, 24, 29 met the inclusion criteria and were included in the meta-analysis. A flow chart summarising the process of study inclusion/exclusion is depicted in Figure 1 . The characteristics of the case control studies included for the four polymorphisms are listed in Table 1 .
Meta-analysis results
A total of 4223 cases and 3743 controls were identified for A-6G polymorphism. Results showed that there was a statistically significant association of this polymorphism with essential hypertension risk in the Chinese population under a homogeneous co-dominant model (GG vs AA: OR = 1.45, 95% CI 1.17-1.81) (Figure 2 ). Significant association for this polymorphism was also observed under a heterogeneous co-dominant model (AG vs AA: OR = 1.13, 95% CI 1.02-1.24), dominant model (GG+AG vs AA: OR = 1.18, 95% CI 1.03-1.34) and a recessive model (GG vs AG+AA: OR = 1.38, 95% CI 1.12-1.71) ( Table 2) . For A-20C polymorphism, a total of 3116 cases and 2678 controls were identified. Results from meta-analysis indicated significant association of this polymorphism with the risk of essential hypertension in the Chinese population under a homogeneous co-dominant model (CC vs AA: OR = 1.52, 95% CI 1.10-2.08) ( Figure 3 ) and a recessive model (CC vs AC+AA: OR = 1.52, 95% CI 1.11-2.09), but not under a heterogeneous co-dominant model (AC vs AA: OR = 1.01, 95% CI 0.89-1.14) and a dominant model (CC+AC vs AA: OR = 1.05, 95% CI 0.94-1.18) ( Table 2) . Regarding G-217A polymorphism, a total of 1268 cases and 1081 controls were identified. Significant association with essential hypertension was found under a homogeneous co-dominant model (AA vs GG: OR = 2.36, 95% CI 1.44-3.89) ( Figure 4 ) and a recessive model (AA vs GA+GG: OR = 2.28, 95% CI 1.39-3.73), but not under a heterogeneous co-dominant model (GA vs GG: OR = 1.14, 95% CI 0.94-1.38) and a dominant model (AA+GA vs GG: OR = 1.24, 95% CI 1.03-1.48) ( Table 2) .
Publication bias
No publication bias was detected for all three polymorphisms by Egger's test (A-6G polymorphism: GG vs AA: P = 0.429; AG vs AA: P = 0.372; GG+AG vs AA: P = 0.491; GG vs AG+AA: P = 0.379; A-20C polymorphism: CC vs AA: P = 0.937; CC vs AC+AA: P = 0.907; G-217A polymorphism: AA vs GG: P = 0.506; GA vs GG: P = 0.207; AA+GA vs GG: P = 0.622; AA vs GA+GG: P = 0.535) Figure 4 . Meta-analysis of the association between G-217A polymorphism in the AGT gene and hypertension (AA vs GG). Studies were ordered by year of publication. Square sizes are proportional to the weight of each study in the meta-analysis. 
Discussion
To our knowledge, this study represents the first metaanalysis of the association between polymorphisms A-6G, A-20C and G-217A in the AGT gene and essential hypertension in the Chinese population. The results indicate that all three polymorphisms are associated with essential hypertension susceptibility, which is consistent with the findings from a previous meta-analysis for A-20C and G-217A polymorphisms. 9 However, in that meta-analysis, the authors did not find any association with essential hypertension for A-6G polymorphism among Europeans, Asians and mixed populations. In contrast, we observed a significant association for this polymorphism among the Chinese population. In our study, the studied population was confined to Chinese with homogeneous genetic background. In addition, only studies in HWE among controls were included, which guaranteed quality control. Furthermore, all relevant studies published in both English and Chinese were recruited for the meta-analysis, which would reduce selection and language biases. The AGT gene, encoding for the precursor molecule for angiotensin II, could contribute to an increase of blood pressure by causing profound vasoconstriction. Since the association of M235T polymorphism in the AGT gene has been confirmed by many studies, 6, 7 considerable attention has been paid to other polymorphisms in the this gene that might affect blood pressure. Several studies have suggested that A-6G, A-20C and G-217A polymorphisms in the promoter region are implicated in the regulation of AGT gene transcription and expression. 30 In addition, A-6G polymorphism was reported to be associated with AGT plasma levels and blood pressure, 31 although this association was not found in anther study. 32 Though the positive association between M235T and essential hypertension among the Chinese population was confirmed by a recent meta-analysis, 7 this could be attributed to M235T polymorphism itself as well as to other polymorphisms that are in strong linkage disequilibrium (LD) with M235T. Evidence has indicated a high LD for M235T with A-6G, A-20C and G-217A polymorphisms, which have been reported to be associated with essential hypertension. 6 Haplotype analysis could provide more information about the effect of genetic interaction, especially when these alleles have a synergistic effect. 23 Several studies have indicated that haplotype frequencies of A-20C and A-6G in subjects with essential hypertension and normal blood pressure were significantly different. 23 However, the polymorphisms investigated vary among individual studies; moreover, haplotype analysis was not reported in most studies, which impeded our aims at further analysis.
The current meta-analysis has some advantages compared with other individual studies, although it does have certain limitations. First, our meta-analysis was based primarily on unadjusted effect estimates and confidence intervals and the confounding factors were not controlled. Second, the effects of gene-gene and gene-environment interactions were not addressed. Third, the results for G-217A polymorphism should be interpreted with caution because of limited statistical power.
In conclusion, our study indicates that three polymorphisms (A-6G, A-20C and G-217A) in the AGT gene are associated with essential hypertension in the Chinese population. Further studies taking into account gene-gene and gene-environment interactions should be conducted to investigate these associations.
